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1. 

1 . 0  General  Comments 

Physical Propert ies  of Cryopenic Fluids 

Personnel  contributing to the activit ies during this  period were: 

R. D. Goodwin, W .  J .  Hall, H .  M. Roder,  L .  A .  Weber,  a n d B .  A .  

Younglove. 

1 . 1  Parahydrogen 

1.  1 .  1 Dielectric Constant of the Solid 

Continued difficulty in freezing a sample in the di-  

e lec t r ic  ce l l  was experienced due to  freezing in the filling capillary.  

Installation of a heater  on the capillary was ineffective and, conse- 

quently, the capillary was relocated so a s  to  enter  the bomb near  the 

bottom ra ther  than a t  the top where the proximity of cooling due to  the 

support tube was thought to be troublesome. 

freezing a r e  now in p rogres s .  

Fu r the r  t e s t s  of sample 

1. 1 . 2  Index of Refraction 

F o r  the past seven months,  an apparatus  has  been 

under development fo r  the measurement of the refract ive index of gases  

and liquids. 

sible to examine the density and temperature  dependence of the Lorenz- 

- , for  parahydrogen. F r o m  previ- Lorentz function, L L  5 

ous measurements  of the dielectric constant, it is anticipated that L - L  

for  hydrogen will  be constant t o  about 0.2’7’0 over a very large range of 

tempera tures  and densit ies.  

dence,  we plan to  measu re  refractive index with a precision of 0.0002’7’0. 

Our knowledge of density a s  derived f rom measurement  of p re s su re  and 

tempera ture  and reference to the P (P ,  T) data published by this  Labora-  

t o ry  will have a precis ion of 0 . 0 2 % .  

The most  important design c r i te r ion  is that it shal l  be pos- 

n 2 - 1  1 
- P  n2 + 2  

To examine the smal l  remaining depen- 

To obtain refractive index measurements  with the above p r e -  

cision, we have constructed a small  Fabry -Pe ro t  interferometer  which 

1 



can be placed in a high p res su re  bomb. 

two semi-transparent surfaces  separated by a cylindrical  tungsten spacer  

0 . 5  c m  in length and 1 .5  c m  outside diameter .  

minimize the change in length when the spacer  is hydrostatically com- 

pressed .  Two quartz optical flats coated with aluminum to  provide the 

semi-transparent surfaces  a r e  wrung on the ends of the spacer  which have 

been lapped flat and paral le l  to  a few millionths of an inch. 

chromatic light of wave length, A ,  is passed through the interferometer ,  

a c i rcu lar  fringe pattern can be observed. 

interferometer ,  the fringe pattern will change with the density of the gas .  

The number of f r inges,  AN, passing a reference point as the sample is 

attenuated to a vacuum may then be counted. 

computed from the fringe count using the expression 

The interferometer  consis ts  of 

Tungsten was chosen to  

When mono- 

If a gas is admitted to  the 

Refractive index can be 

where n = refractive index and t = spacer  thickness.  

Sufficient apparatus has  been assembled to  begin t e s t  measu re -  

ments at room temperature .  

ments is also nea r  completion. 

monochromatic light of well-known wave length. 

count is determined by a photomultiplier and recorder .  

fringe pattern i s  focused on a pinhole in front of the photomultiplier. 

The fractional fringe count is measured by photographing the fringe pat- 

t e r n  with a spectrograph followed by measurements  of the diameters  of 

the images of th ree  adjacent rings with a travelling microscope.  Using 

these methods, AN can be determined with a precision of 0 . 0 2  f r inge.  

A cryostat  fo r  low temperature  measu re -  

A mercury  198 lamp is used to  provide 

The integral  fringe 

The center of the 

The refractive index of air a t  ambient conditions was measured  

The resul t ,  n = 1.0002200 * 0.0000004, agreed as a simple f i r s t  t e s t .  

favorably with a value, n = 1.0002202, obtained some years  ago by 

. 

2 



Bar re l1  and Sea r s ,  N P L ,  f r o m  much m o r e  prec ise  measurements .  

Tes t s  a r e  now in p rogres s  on nitrogen gas a t  room temperature  and 

p r e s s u r e s  to  150 a tm.  The resul ts  can be compared with published 

measurements  of Michels et a L (  1949). Some difficulty has  been ex- 

perienced with uncertainty in the fringe count caused by interaction of 

the p r e s s u r e  measuring device with the gas  in the high p res su re  cel l .  

Improved skil l  of the operator  can apparently minimize this  problem. 

Tes ts  on argon and hydrogen g a s  at room tempera ture  a r e  a l so  planned 

before completing assembly of the cryostat  and e lec t r ica l  wiring of the 

high p r e s s u r e  bomb. 

1 .  1 . 3  Thermal  Conductivity 

Development and testing of the experimental  apparatus 

has  been going on with NBS support. 

made which can be understood by referr ing to the ra ther  complete des-  

cription of the apparatus in the F i r s t  Quarter ly  Report .  

been as  follows: 

Several  modifications have been 

These have 

a )  The hot-plate thickness and the heights of the two 

guards have been reduced. This change reduces the the rma l  lag and the 

correct ion for  the change of enthalpy of these members  when slow drif ts  

of temperature  have not been completely eliminated. 

b) The cold plate was removed, and the inside bottom 

of the bomb was refinished s o  that it now s e r v e s  a s  the cold plate. 

ficulty had been experienced in maintaining good the rma l  contact between 

the original cold plate and the bomb. 

Dif- 

c )  The hot plate and guard hea ters  were  moved f r o m  

the side surfaces  to inter ior  locations in the interest  of obtaining more  

uniform heat distribution in those p a r t s .  

d) The spacers  were  located under the auxiliary 

guard,  and the guard-hot plate assembly was supported by three  radial  

pins mounted in the wall  of the auxiliary guard.  A s  energy accounting 

3 



now shows, this  has  greatly improved the uniformity of heat dissipation 

by the guard and this  presumably has  reduced fringing at the edge of the 

hot plate and local  temperature  inhomogeneities in the guard that may 

have interfered with obtaining a thermal  null balance between the guard 

and hot plate. 

e) The tempera ture  controls have been m o r e  fully 

automated . 

f )  A shielded lead has  been installed that permi ts  

measuring the hot plate t o  cold plate capacitance,  using the the rma l  

guard member  a s  an e lec t r ica l  guard.  

of the medium, the ce l l  constant can be calculated f r o m  the capacitance.  

This provides a monitoring of effective ce l l  geometry which is super ior  

to  reliance on p r io r  gaging of plate and space r s  because it can detect changes 

due to slippage of the radial  support pins and accounts fo r  fringing. 

A l a rge r  tube to  the bomb has  been installed.  This 

permi ts  more effective evacuation and hence a more  accurate  evaluation 

of radiation correct ions.  

Knowing the dielectric constant 

g) 

h) The bomb cooling coi ls  and cooling block have been 

removed in order  to improve the rate of response of the bomb to  its 

surface-mounted hea te r s .  

The present phase of the sys tem is best  t e rmed  "shake 

down" experiments.  

the following: 

In the las t  four months we have t r ied  to  determine 

a)  Is the system operating co r rec t ly?  Are  all modes 

of heat flow in the system and i t s  container understood? 

b) 

c)  

These experiments have been made with helium, a i r ,  

What is the est imate  of e r r o r ?  

What is the best  mode for  routine operation? 

and carbon dioxide at  about atmospheric p r e s s u r e  where either published 

. 
I 

4 



I .  

b 

I ? 

data a r e  believed to be reliable or  values can be  calculated ra ther  reliably 

f r o m  kinetic theory.  

RESULTS: 

Pre l iminary  values of thermal  conductivity f o r  He gas  

a t  p r e s s u r e s  nea r  one atmosphere and tempera tures  between 80 and 300°K 

have been established. 

f r o m  basic kinetic theory.  

The results are analyzed in  t e r m s  of deviation 

where 

K z 2 . 5 .  " . c  meas v 

= 5.023 - To*647(equation 2 .84  reference [ l ] )  "meas 

and C =3.116 joule/gram°K (equation 2 .  70 reference [ l ] )  
V 

The resu l t s  run f r o m  270 low a t  80°K to  1.570 high at 300°K. 

A limited number of measurements  made on C 0 2  near  

300°K and one atmosphere a r e  0.470 higher than those of Sengers [2]. 

EXPERIMENTS AND DETAILS: 

a) The basic equation used is  that due to  Four i e r  

( s e e  2 below) i l f  which changes to  K = - 6 Ax 
A A T  C A T  

K = -  

n o  0 0 

Q drift of hot plate radiation where (s = Qmeas - Q  

b) The ce l l  constant, Ax / A ,  is determined by a 

capacitance measurement .  

t em f o r m  a guarded Kelvin capacitor fo r  which the capacitance is 

where f is a numerical  fac tor .  f A  c = -  
Ax 

The main elements of the conductivity sys -  

F o r  a careful room tempera ture  assembly ,  the 

capacitance as measured  ag rees  to 3 parts/ZO, 000 with that calculated 

f r o m  the dimensions of the par t s .  The capacitance has  a slight variation 

5 



with temperature .  Proper  accounting of the dimensional changes of hot 

plate (copper) and alinement pins (plastic) permi ts  calculation of C( T) 

which closely approximates the values observed.  The plastic pins used 

to  support the hot plate permit  a slight displacement with respect  to  the 

guard due to differential thermal  contractions. Experiments with a capa- 

c i tor  mockup show that the capacitance measurement  adequately accounts 

for  any fringing that may occur.  

c) The radiation contribution to  the heat flow was 

measured in vacuum near  room temperature .  

degree of temperature  difference compares  to  0 .  147 mWhegree  of 

temperature  difference calculated f rom basic equations assuming a 

value of 0.018 for  the emissivity of copper.  

almost identical to  that experienced by Sengers [Z ] .  

The resul t  of 0 . 2 0 5  m W /  

The change in emissivity is 

d) The temperature  difference is measured with two 

Measurements with z e r o  heat input platinum resistance thermometers .  

establish that one o r  both thermometers  have changed somwhat f r o m  the i r  

calibration. To make these "zero" runs,  th ree  hea ters  a r e  required to  

keep the high p res su re  vesse l  completely isothermal.  Under normal  

operating conditions the beryllium-copper bomb experiences a slight 

gradient in  temperature  that depends on the hot plate power input. Since 

the "cold plate" res is tance thermometer  is separated f rom the cold 

plate surface by a substantial thickness of beryll ium-copper,  a co r rec -  

tion fo r  the temperature  difference a c r o s s  this metal  is calculated. Thus, 

- AT 
+ ATcalibration shift Be-Cu measured 

AT = AT 

e )  F o r  the present experimental  conditions K var ies  

little with temperature .  

observe the variation, i f  any, of K with power input. 

fo r t  has  been placed in this a r e a  and if all correct ions a r e  applied 

properly,  K is found to  be independent of power input.In the second type 

A valuable check on internal consistency is to  

Considerable ef- 
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of test the guard is operated with a known mismatch in tempera ture .  

a n  offset of +O. 004°K the conductivity changes by + Z ~ O .  

the in te r ior  guard is not supported by a solid member, the power dissipation 

can be used to  establish a value of the rma l  conductivity f r o m  the guard 

geometry.  It is extremely reassuring that values so obtained differ by 

less than 270 f r o m  the values measured f o r  the hot plate. 

F o r  

Finally,  because 

f )  Est imates  of E r r o r .  Contributions ar is ing f r o m  

the value of (9 are l e s s  than 0.170. The control of the guard is to  0.03lJV 

F o r  tempera tures  above 80°K and AT of 1 degree this  is equivalent t o  

0.370. 

E r r o r s  in the value of AT used depend on the value of AT and on the con- 

ductivity of the fluid under tes t .  

E r r o r s  f r o m  the measurement of the ce l l  factor  a r e  l e s s  than 0.170. 

A s  examples fo r  : 

He g a s  with AT 0 . 2 " K  the e r r o r  is 0.8570 

He g a s  with AT = 0 .85"K the e r r o r  is 0.570 

He g a s  with AT = 1.7"K the e r r o r  is 0.570 

C 0 2  g a s  with AT = 2.O"K the e r r o r  is 0.270 

The absolute e r r o r  is a s ta t is t ical  combination, thus fo r  He g a s  with 

AT of 1 ° K  o r  l a r g e r ,  we get 0.670; and f o r  the measurements  of C02,  

we ge t  0.47'0. 

governed mainly by the control and z e r o  of the guard and seems  to  be 

around 0.27'0. 

FORTHCOMING TESTS OF THE APPARATUS: 

The precision o r  reproducibility of experiments is 

Using data recording sheets  and a computer program 

a l ready  developed, t e s t  experiments on He gas  a t  p r e s s u r e s  of 1, 3 ,  

and 10 atmospheres  in the temperature  range 20-300°K a r e  contemplated. 

[ l ]  Helium, editor,Keesorn,Elsevier (1942). 

[2] Sengers ,  J .  V.  Thesis ,  University of Amsterdam (1962). 
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1 . 1 . 4  Equation of State. The equation of s ta te  a l ready 

mentioned (20th P r o g r e s s  Report) has  been great ly  improved as compared 

with resul ts  in NBS Report 9100. 

both the accepted t r iple  point and the accepted c r i t i ca l  point. 

t ime,  the mean deviation f rom data has  diminished. It has  been necessary  

to  introduce th ree  character is t ic  constants and three  coefficients, all con- 

cerned with the c r i t i ca l  point, such that the total  number of constants is 

25. Whereas best  values for  some of these constants a r e  obtained only 

by cost ly ,  iterative procedures ,  we believe the basic s t ruc ture  f o r  this  

equation of state now has been found. 

The equation has  been constrained to  

At the same 

1 .1 .5  TAB Code. The correct ions l isted in the last report  

f o r  codes in  the 19th P rogres s  Report contained e r r o r s .  

restatement of these corrections:  

Following is  a 

PTVISCCH beginning in c a r d  col.  7 

F P*:;F T::: V( I) +F:::F T :k V( I+ 1 ) +F P : k  FF:k V( J )  +F4 FFX: V( J + 1 ) ) ::: 1 0 . 0 

PTCOND29 beginning in c a r d  col.  7 

P T  VISC 

DATA((C(I),I=175,188) =. 20584, .20584, .20584, .20587, .20592, .20705, 

PTCOND30 beginning in c a r d  col .  6 

1.20926, .36287,  .35682, -35199, . 35150, . 35489, .35610, . 35634) 

PTCONDBU beginning in ca rd  col.  6 

8.56859, 2.1303, 1.2148, 1. 0124, .88843, .70784, .62686, .60582, 2.8357, 

PTDENSDM beginning in c a r d  col.  6 

6 , .  000137, .09778, .  1928,.  2850,.  000111,. 08837,. 1745,. 2584,.  000092,. 0 

As a preliminary to  setting up the specific heat TAB 

Code, the specific heat fo r  high tempera tures  is  being recalculated using 

the spectroscopic data a s  reported in N B S  Monograph 20 (May 1961). 

Two new t ranspor t  property codes a r e  given in this 

repor t .  The two new codes,  PHVISC and PHCOND, both have p r e s s u r e ,  

P, ranges from 1 to  5000 psia and enthalpy, H ,  ranges f r o m  -130 to 

20 ,000  BTU/lb.  These codes a r e  based on the correlat ions done by Los 

8 



. 
Alamos as presented in the i r  report IASL 2527 and revised in IASL 

2719. F o r  viscosity,  Dil ler ' s  experimental data::: were  used in the 

tempera ture  range f r o m  14" to  100°K instead of the correlat ion.  

codes return values which are within 1% of the source data.  

which a r e  out of the range of the codes a r e  extrapolated f r o m  the las t  

values in the range. 

the values at the solidus line. 

value a t  20 , 000. 

The 

P r e s s u r e s  

Values of enthalpy below the solidus line will give 

Values above 20 ,000  BTU/lb will  give the 

The For t r an  statement: 

VISCOS=PHVISC( P ,  H) 
2 would cause the viscosity in lb-hr / f t  

location VISCOS. Similarly: 

at P and H to  be s tored in the 

CONDUC=PHCOND( P, H) 

would re turn  the the rma l  conductivity in  BTU/hr-f t -"R to  CONDUC. The 

p rogram listings a r e  as follows: 

. _  

+ h a i n  E. D i l l e r ,  Measurements of the viscosity of Parahydrogen, 

J .  Chem. Phys.  42 ,  No. 6 ,  2089-2100 (March  1965). - 

9 
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4o05606~o06051,o06380~o04708~~05356~~05845~o06214~004536~005150~ 
~ ~ 0 ~ 6 5 3 ~ o 0 6 0 5 3 , ~ 0 4 4 ~ 9 , o 0 5 O O Z ~ ~ O ~ 4 9 ~ ~ ~ 0 ~ 9 O 4 ~ ~ 0 4 3 6 0 ~ 0 0 4 9 1 1 ~ o 0 ~ 3 6 9 ~  
6 ~ 0 5 7 7 6 ~ o 0 7 2 3 0 , ~ 0 7 4 5 1 ~ o 0 7 6 9 2 ~ o 0 7 9 8 8 ~ ~ 0 8 3 3 3 ~ o 0 6 8 4 8 ~ 0 0 6 9 8 2 ~ o ~ 7 1 5 1 ~  
~ ~ 0 7 3 5 4 , 0 0 ~ 6 0 ~ ~ o 0 6 6 2 O ~ o 0 6 7 4 0 ~ o 0 6 ~ 6 2 ~ o 0 6 9 9 0 ~ o 0 7 1 3 3 ~ o 0 6 3 7 3 ~ o ~ 6 5 4 3 ~  
8o06670,o06786,o06898~~06139~o06321~~06479~006612~006730~o~5989~ 
9 ~ 0 6 0 4 7 ~ o 0 6 2 5 6 , o 0 6 4 2 3 , o 0 6 5 6 3 ~ 0 ~ ~ 0 5 7 1 3 , . 0 5 9 8 9 ~ o 0 6 2 0 5 ~ ~ 0 6 3 7 8 ~ ~ ~  
A o 0 5 4 1 5 ~ o 0 5 5 4 1 , o 0 5 9 5 1 ~ ~ 0 6 1 6 7 ~ O ~ 0 0 4 6 9 9 ~ o 0 5 2 7 ~ ~ o 0 5 6 5 6 ~ o 0 5 9 3 1 ~ 0 ~  
8o02675,~0~11~,o053~3~~05671~0~002241,,04695~o05004~o0S397) 

D A T A ~ ~ C ~ 1 ~ ~ I ~ 7 1 5 ~ ~ 0 2 ~ r 0 1 0 , . 0 4 0 6 6 ~ 0 0 4 4 4 9 ~ o 0 4 7 5 6 ~ o 0 5 0 ~ 4 ~ o 0 S 2 1 5 ~  
1 o 0 5 3 9 7 ~ 0 ~ 0 ~ 0 0 3 8 4 ~ , ~ 0 ~ ~ 7 4 , ~ 0 4 4 6 , ~ 0 4 7 1 1 ~ o 0 4 9 3 1 ~ ~ 0 5 1 3 ~ 0 ~ 0 ~ 0 0 3 6 3 8 ~  
2 ~ O 3 9 7 , o 0 4 2 4 4 ~ o O 4 4 8 ~ o O 4 6 9 6 , o O 4 ~ 9 5 , O , o O 3 O O 2 ~ 0 O 3 3 9 ~ o O 3 ~ O O ~ o O ~ O 6 5 ~  
3 o 0 4 3 1 5 ~ o 0 ~ ~ 1 9 , o 0 4 7 0 8 ~ o O ~ 5 9 l ~ ~ O 2 5 O ~ ~ o O 3 l ~ 6 ~ o O 3 6 4 4 ~ o O 3 9 ~ 6 ~ o ~ 4 l 9 3 ~  
4 o 0 4 3 9 2 ~ o 0 ~ 5 ~ ~ , o 0 1 ~ ~ 3 ~ ~ 0 2 3 6 7 ~ ~ 0 3 0 2 ~ , , 0 3 5 0 ~ ~ o 0 3 8 4 4 ~ o 0 4 0 9 6 ~ o 0 4 3 0 1 ~  
5 o 0 4 4 7 6 ~ ~ o 0 1 6 0 9 ~ o 0 2 2 8 4 ~ o 0 2 8 9 8 ~ 0 0 3 3 6 3 ~ o 0 3 7 4 5 ~ o 0 4 0 1 8 ~ o 0 4 2 3 1 ~ o 0 ~ 0 ~ ~  
6 o 0 1 6 6 5 ~ o 0 2 2 ~ ~ ~ o 0 2 8 ~ ~ ~ o 0 3 2 8 8 ~ ~ 0 3 6 6 1 ~ o 0 3 9 ~ 9 ~ o 0 4 1 7 6 ~ o 0 4 3 6 0 ~ ~ ~ ~ 6 7 6 8 ~  
7o008036,o00~372~o011~1~0~0~0006661~0009647~001094~o0124S~o01408~ 
8 o 0 1 5 8 5 ~ ~ 0 1 0 5 7 , o 0 1 1 3 0 ~ o 0 1 2 2 4 ~ ~ 0 1 3 3 7 ~ 0 0 1 4 6 2 ~ 0 0 1 5 9 6 ~ ~ 0 1 2 4 6 ~ 0 0 1 3 0 3 ~  
9oO1376~o01463~oO1560~o01645) 

P-PRES 
H=ENTH 
IF(HoLTo125oO) GO TO 15 
IF(HoLTo42500) GO TO 11 
IF(HoLTo450000) GO TO 8 
IF(HoLTo960000) GO TO 7 
IF(HoGE020000oO)H~1999909999 
N=l 

1 IF(PoLTo290392) GO TO 4 
If(PoLT0734r80) GO TO 2 
F=P/73408-100 
IP=S 
GO TO 35 

I P = 4  
F~(P-146096)/587084 
GO TO 35 

2 IF(PoLT.146096) GO TO 3 

3 IP=3 
F~(P-290392)/1170568 

4 IF(PoLTo7.348) GO TO 6 
GO TO 35 

IFtP.LT.140696) GO TO 5 
I P=2 
F=P/140696-100 
GO TO 35 

f=P/70348-100 
GO TO 35 

5 IP=l 

6 IP=O 
F=(P-104696)/5,8784 
GO TO 35 

GO TO 1 
7 N=2 

8 IF(HoGEolO25oO) GO TO 10 
IF(P.LTo60OoO) GO TO 9 
N = 4  
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GO TO 33 

GO TO 33 

GO TO 33 

9 N=3 

10 w+3 

11 IP(HoLTo22500) GO TO 13 
IF(PoLTo650.0) GO TO 12 
No6 
GO TO 33 

12 N = t  
GO TO 33 

N=8 
00 TO 33 

14 N-9 
GO TO 33 

13 fF(PoLTe650oQ) GO TO 14 

15 IF~PoC€o100OoO) GO TO 24 
IF(PoCEo400oOl GO TO 23 
IFtHoLTo2OoO) GO TO 20 
IF(PoLTo50oO) GO TO 16 
Nu17 
GO TO 17 

16 N=18 
17 IF(P~GEo1870306) GO TO 33 

DO 18 1=2,19 
IF (P+L ( I ) 1 19e19 9 18 

18 CONTINUE 
19 D=PL(I)-PL(I-l) 

DF=PL( I ) +  
08-P-PL(1-1) 
HCASt(HG(I)+08~G(I-l)*Df)/D 
IP(HoCEoHGAS) GO TO 33 
HLIQ~(HL(I)+W)+t(L(I-l)*DF)/O 
IF(HoLEoHLI0) GO TO 33 
CLIQ~(CL(I~*DB+CL(I-l)*DF)/O 

20 N=l6 
21 I F ( H 0 G T o ( - 1 3 2 0 8 2 + 0 0 0 4 * ~ ) ~  GO TO 17 
22 PR=P/SOO.O 

I =m? 
IF(IoCTo9) 1-9 
F-PR-I 
HSOC~F*HS(I+2)+~1oO-F)*~S(I+l) 
IF(HoLToHS0L) H-HSOL 
GO TO 33 

GO TO 22 

IP(HoGEo20oO) GO TO 25 
N= 14 
GO TO 22 

N= 13 

23 N=13 

24 IF(PoGEo300000) GO TO 27 

25 IF(H.GEo6SoO) GO TO 26 

12 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
C 1 o 1 4 9 E ~ 1 0 ~ 1 ~ 2 8 4 E - 1 0 ~ l o 4 5 3 E ~ l O ~ l 0 6 ~ 2 E ~ l O ~ l o 9 7 8 E ~ l O )  
DATA(fVtI),Ir222,336)~ l o 0 9 7 E - 1 0 ~ 1 o 2 1 8 E - 1 0 ~ l o 3 6 5 E - l O ~ l ~ 5 S O E ~ l O ~  

1 1 o 7 9 6 E ~ l 0 ~ 1 ~ 0 1 1 E ~ 1 O ~ l o l l O E ~ l O ~ l 0 2 Z 6 E ~ l O , l o 3 6 6 E ~ l O ~ l o 5 4 O E ~ l O ~  
2 ~ 9 4 1 3 E ~ 1 0 ~ 1 ~ 0 2 6 E ~ 1 0 , 1 o 1 2 2 E ~ 1 0 ~ 1 0 2 3 4 E ~ 1 0 ~ 1 0 3 6 7 E ~ 1 0 ~ 0 8 8 3 7 E ~ 1 0 ~  
3 ~ 9 5 7 6 E ~ 1 0 ~ 1 o 0 4 0 E ~ 1 0 ~ l o l 3 3 E ~ l O ~ l 0 2 4 O E ~ l O , 0 8 3 4 9 E ~ l O ~ 0 9 O O 7 E ~ l O ~  
4 ~ 9 7 2 9 ~ ~ 1 0 ~ 1 ~ 0 5 3 E ~ 1 0 ~ l o l 4 3 E ~ l O ~ 2 0 O 6 l E ~ l O , 2 o 6 2 3 E ~ l O ~ O ~ O ~ ~ ~ l o 7 8 7 E ~  
5 1 0 ~ 2 o 3 5 3 E ~ 1 0 ~ 3 ~ 1 1 6 E ~ l O ~ O ~ O ~ l o 5 9 O E ~ l O ~ 2 o O 2 5 E ~ l O ~ 2 0 5 6 5 E ~ l O ~ O ~ O ~  
6 1 o 4 4 1 ~ ~ 1 0 ~ 1 ~ 7 7 3 E ~ 1 0 ~ 2 o 2 9 7 E ~ l O ~ 2 0 9 O l E ~ l O , O 0 O O O E ~ l O ~ l o 3 2 5 E ~ l O ~  
7 1 o 5 8 9 E ~ 1 0 ~ 1 ~ 9 8 9 E ~ 1 0 ~ 2 o 5 2 3 E ~ l O ~ O o O O O E ~ l O , l o 2 3 O E ~ l O ~ l o 4 4 8 E ~ l O ~  
8 1 ~ 7 5 8 E ~ 1 0 ~ 2 ~ 2 4 1 E ~ 1 0 ~ 2 o 7 4 2 E ~ l O ~ l 0 l 5 2 E ~ l O ~ l o 3 3 6 E ~ l O ~ l o 5 8 5 E ~ l O ~  
9 1.954E~10~2~509E~10~1.086E-10,1.245E~lO~loZ45E~lO,lo452E~lO~lo74ZE~lO~ 
A 2 ~ 1 8 7 E ~ 1 0 ~ 1 ~ 0 3 0 E ~ 1 0 ~ l o l 6 9 E ~ l O ~ l o 3 4 5 E ~ l O ~ l o 5 8 l E ~ l O ~ l o ~ Z l E ~ l O ~  
B o 9 8 0 7 E ~ 1 0 ~ 1 ~ 1 0 4 E ~ 1 0 ~ l 0 Z 5 7 E ~ l O ~ l o 4 5 4 E ~ l O , l o 7 2 5 E ~ l O ~ o 9 3 7 6 E ~ l O ~  
C 1 o 0 4 9 E ~ 1 0 ~ 1 ~ 1 8 3 E ~ 1 ~ ~ l 0 3 5 2 E ~ l O ~ l 0 5 7 4 E ~ l O , o 8 6 4 9 E ~ l O ~ o 9 5 ~ ~ E ~ l O ~  
D 1 o 0 6 6 E ~ 1 0 ~ 1 o 1 9 6 E ~ 1 ~ ~ l o 3 5 8 E ~ l O ~ 0 8 O 5 8 E ~ l O , o 8 8 5 7 E ~ l O ~ o 9 ~ 6 7 E ~ l O ~  
E 1 o 0 8 2 E ~ 1 0 ~ 1 ~ 2 0 8 E ~ 1 0 ~ 0 7 5 6 5 E ~ l O ~ ~ 8 Z 6 8 E ~ l O ~ o 9 O S 3 E ~ l O ~ o 9 9 4 4 E ~ l O ~  
F 1 o 0 9 7 E ~ 1 0 ~ o 7 1 4 7 E ~ 1 0 ~ o 7 7 7 5 E ~ l O ~ ~ 8 4 6 7 E ~ l O , ~ 9 Z 3 9 E ~ l O ~ l o O l l E ~ l O ~  
G ~ 6 7 8 6 E ~ 1 0 ~ ~ 7 3 5 5 E ~ 1 0 ~ 0 7 9 7 5 E ~ l O ~ ~ 8 6 5 7 E ~ l O ~ 0 9 4 l 3 E ~ l O ~ 0 6 4 7 2 E ~ l O ~  
H o 6 9 9 2 E ~ 1 0 ~ ~ 7 5 5 5 E ~ 1 0 ~ o 8 l 6 6 E ~ l O ~ ~ 8 8 3 7 E ~ l O ~ o 6 l 9 7 E ~ l O ~ o 6 6 7 6 E ~ l O ~  
I 07191E-10,07746E-10~08349E-10) 
PoPRES 
HrENTH 
IF(HoLTo100oOl GO TO 9 
IF(HoLTo42500) GO TO 5 
IF(HoLTo800000) GO TO 3 
IF(HoGE020000o) Hs19999.9999 
IF(PoLTo50rO) GO TO 1 
N=1 
GO TO 33 

N=2 
GO TO 33 

2 No3 
GO TO 33 

N=4 
GO TO 33 

4 N=5 
GO TO 33 

1 IF(PoLTo5oO) GO TO 2 

3 IF(HoLTol800oO) GO TO 4 
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5 IF(HoLTo200oO~ GO TO 7 
IF(PoLTo1000~0) GO TO 6 
N=6 
GO TO 33 

6 Ne7 
GO TO 33 

N=8 
GO TO 33 

8 N-20 
GO TO 33 

7 IF(PoLTo1000~0) GO TO 8 

9 IF(PoLTo3000~0) GO TO 13 
IF(PoLTo400000) GO TO 11 
IF(HoCEo60o) GO TO 10 
N =9 
GO TO 30 

GO TO 33 

N=ll 
GO TO 30 

12 N=12 
GO TO 33 

13 IF(PoLTo10OOo0) GO TO 18 
IF(HoLTo4Oo) GO TO 14 
N=13 
GO TO 33 

IF(HoGEo0oI GO TO 15 
N=l4 
GO TO 30 

15 N115 
GO TO 33 

Wp16 
GO TO 30 

17 N-17 
GO TO 33 

N=18 

GO TO 30 

No19 
GO TO 22 

20 Nt20 

10 N-10 

11 IF(H.GEo30o) GO TO 12 

14 IF(PoLTo200000) GO TO 16 

16 IF(HoCEo-30oO) GO TO 17 

18 IF(HoCEo-7OoO) GO TO 19 

I F ( H . C T 0 ( - 1 3 2 o 8 2 + 0 0 0 4 ~ P ) )  GO TO 22 

19 IF(HoCEo-20oO) GO TO 20 

22 lFtPoGE01870506) GO TO 33 
DO 23 In2919 
IF(P+L(I))24rt4,23 

23 CONTINUE 
24 DRPC ( I 1-PL ( 1-1 1 

DF=PL( I)+ 
DB=P+L(I-l) 
H G A S ~ ( H G ( I ) * D B + H G ( I - l ~ ~ D F ) / D  

17 
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1 
2 
3, 
4 
4 
6 
7 
8 
9 
A 
6 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
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1 . 2  P - V - T  Measurements of Oxygen 

Installation of the apparatus  in i ts  new qua r t e r s  has  been 

completed. The nuisance volumes have been redetermined,  inasmuch 

as these have incur red  smal l  changes.  

overlap some of the e a r l i e r  s e r i e s  in o r d e r  to  es tabl ish repeatabil i ty.  

Runs have been made that 
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2. Cryogenic Metrology (Instrumentation) 

2 . 0  General  Comments 

Personnel  contributing to  the activit ies during this period were:  

S. B .  Lang, J .  W .  Dean, T .  M.  Flynn, and R.  J .  Richards.  

2 . 1  Temperature  

2 . 1 . 1  Expe r iment a 1 Py r oe le c t r ic Stud ie s 

Experimental  data for  the calculation of the pyro- 

e lec t r ic  coefficient, dc dielectric constant, and volume resis t ivi ty  of 

s eve ra l  fe r roe lec t r ic  ceramic  mater ia l s  were  taken. 

resu l t s  fo r  the pyroelectric coefficient of Clevite Ceramic B (9570 

BaTi03,  570 CaTi03) a r e  shown in F igure  1. The rhombohedral- 

orthorhombic phase transit ion at 155- 170 OK, the orthorhombic- 

te t ragonal  phase transit ion at 240-255"K, and the Curie  point tetragonal- 

cubic phase transit ion) at  387°K a r e  especially prominent. The charac-  

t e r i s t i c  hys te reses  in  the transit ion tempera tures  a s  a function of d i r ec -  

tion of tempera ture  change can also be observed. The phase t ransi t ions 

produced noticeable peaks i n  the dielectric constant values a l so .  

ditional data in the region 4 to  78°K have been measured  for  Clevite 

Ceramic  B, but are not shown in Figure 1. 

Pre l iminary  

Ad- 

Measurements  have a l so  been taken over the tempera-  

t u re  range 4 to 300°K of the propert ies  of Clevite PZT-4  and PZT-5  

(polar ized lead-zirconate-ti tanate ce ramics ) .  

observed in e i ther  ma te r i a l  over  this range. 

coefficients of both mater ia l s  were considerably higher than those of 

Ceramic  B. F o r  these two reasons,  PZT-4  and PZT-5  a r e  probably 

m o r e  suitable as pyroelectric thermometer  s enso r s  than Ceramic B. 

Quantitative resu l t s  will be presented in the next report .  

No phase-transit ions were  

In addition, the pyroelectric 
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2 . 1 . 2  Publications 

A description of the equipment, method of calculation, 

and prel iminary resul ts  on Ceramic B have been published by Steven A .  

Shaw this year  as a Master of Science thesis  presented to  the Dept. of 

Chemical Engineering of the University of Colorado. 

"Measurement of the Character is t ics  of Pyroelectric Crystals  for  Thermo- 

me t r i c  Purposes  with Special Reference to  Barium Titanate Ceramic".  

2 . 2  P r e s s u r e  

The thesis  title is 

2 .2 .1  Piezoresist ive Effects in Materials 

An apparatus has been constructed to  study the piezo- 

res is t ive effects in mater ia l s  over a wide range of tempera tures .  

sample chamber is located at  the end of a vacuum insulated probe in such 

a manner  that the probe may be inserted into a dewar containing ei ther  

liquid nitrogen, hydrogen, o r  helium. 

i s  maintained with a Cartesian diver type of regulator.  

is housed in a copper holder, its temperature is held constant. 

su re  up to  5000 psi  may be admitted into the sample holder while the 

sample's  res is tance is monitored by a potentiometric method. 

A 

The vapor p re s su re  of the cryogen 

Since the sample 

Gas p re s -  

Prel iminary investigations have been made with c a r -  

bon. 

of p re s su re  at severa l  temperatures .  

gen temperature  resul ts  a r e  a s  expected; however, the hydrogen t em-  

perature  resul ts  show a r eve r sa l  in slope. More t e s t s  will be done t o  

verify this effect; however, i f  t rue ,  this  diminishes the usefullness of 

carbon as a p re s su re  sensor  over a wide temperature  range. 

Figure 2 shows the resistance dependency of carbon as a function 

The room temperature  and nitro- 

Samples of r a re  ear th  metals  have been ordered  for  

fu rthe r inve s t igat ion. 

dh 
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3. Consultation and Advisorv Services 
~ 

Consultation and advisory serv ices  in the general  field of 

cryogenic engineering has  continued in severa l  NASA program areas :  

Centaur (funded separately),  Rover, and NERVA. 

3 . 1  Centaur Program - Robert W .  Arnett 

Contact with NASA Lewis Research Center personnel has  been 

frequent through the medium of telephone cal ls  and one t r i p  to  Cleveland. 

3 . 1 . 1  St ratification and Pressurizat ion 

Following the rearrangement of the complete pro-  

g r a m  into a set of subroutines, debugging has progressed more  rapidly, 

Some adjustments in the program were required following debugging. 

Initial runs of the complete program a r e  in progress  a t  the end of the 

reporting period . 
3.1.2 Flight Data Analysis 

Preparation for analysis of flight data f r o m  for th-  

coming launches has  been completed and checked out using sample 

tapes  furnished by NASA-LeRC. A decision was made to  utilize the 

first digitized tapes  produced from the analog tapes since extracting 

data on only a few sensors  should be more  readily accomplished. 

the end of the reporting period all preparations had been made for  

processing of the AC-8 launch data. 

At 

3 . 1 . 3  General Dynamics /Convair Testing P rogram 

Testing and evaluation of the liquid-vapor detectors  

and the temperature  t ransducers  were completed as planned. An in- 

fo rma l  report  covering the response t ime,  sensitivity, and calibration 

resu l t s  was prepared. 

o r a l  presentation of the testing program was presented. 

This report was delivered to  Cleveland and an  

Plans were made for  fur ther  testing of the senso r s  

to  evaluate response to  cyclic immersion,  heater  voltage, and 
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orientation. 

flight data analysis and the stratif ication program,  this  additional t e s t -  

ing has  been delayed. 

3 .2  Rover P rogram - Alan F. Schmidt 

Due to manpower limitations and the g rea t e r  urgency of the 

A Test Cell  "C" Facili ty Review Meeting at the Nuclear Rocket 

Development Station, Nevada,was attended on January 24-26, 1966. 

The purpose of this  meeting was to review design, checkout, and opera-  

ting procedures f o r  the modified NRDS facil i ty.  Written comments  on 

this review were furnished LASL upon invitation by the host organiza- 

t ion. 

Information was supplied to  LASL a t  la te r  dates on the the rma l  

expansivitie s of be ryllium and stainle s s s t  ee 1, e le c t r i ca l  r e  sist ivit ie s 

of s eve ra l  fluids, and a set  of documents relating to the martensi te  

transformation of austenitic s ta inless  s tee ls .  

3 . 3  NERVA Program - Alan F. Schmidt 

At the request of SNPO-C, meetings were  attended at  the 

Aerojet-General Corporation, Sacramento,  California on January  5-6 

with the intent of determining feasibility and safety requirements  for  a 

250 lb. / s e c .  hydrogen burn pond to be used in conjunction with Phoebus- 

2 t e s t  stand H-4B.  

formation useful t o  the full scale facility, and it was hoped that data 

f r o m  the small  pond could be extrapolated to any pract ical  design prob- 

lem o r  condition involving safe,  economical hydrogen gas  disposal,  

since conventional commercial  f la re  stacks a r e  expensive to procure,  

expensive to operate ,  and a t  t imes  hazardous when manifolded o r  used 

a t  off-design conditions. Additional r e sea rch  will be required to pro-  

vide the general  design information required,  and it appeared uncertain 

a t  the Sacramento meeting whether t ime o r  funding could be made avail-  

able to  complete the job initially contemplated. 

A 1/26 scale model pond has  been used to provide in- 
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On Februa ry  24, the General Dynamics/Fort  Worth Reactor 

Faci l i ty  was visited f o r  discussions relating to  cryogenic thermal  con- 

ductivity experiments in a nuclear radiation field, and a para- to-or tho 

hydrogen conversion investigation in the same environment. 

t he rma l  conductivity test specimens previously measured  at  NBS-CD 

have been supplied GD/FW for  inclusion as check pieces in each the rma l  

conductivity cryostat .  

AGC /REON on appropriate thermocouple mater ia l s  f o r  these t e s t s ,  

thermocouple calibration problems, tables ,  e tc .  

additional communication has  occurred with GD, AGC, and SNPO-C by 

letter and phone. 

Beryll ium 

Information has  been provided GD/FW and 

Throughout the quar te r ,  

A NERVA Instrumentation Review Meeting was  attended a t  AGC/ 

REON on March 28-29; a t r i p  report  covering NBS impressions and com- 

mentary  on this business was prepared subsequently and forwarded to  

SNPO-C as a mat te r  of mutual interest .  

At the request of SNPO-C, a draf t  copy of the Bureau of Mines 

hydrogen safety manual was reviewed and discussed. Also, evaluation 

was made of a specific hydrogen safety problem concerning Engine 

Stage Test Stand 2 / 3 .  

At the request of NASA-LeRC (through SNPO), information 

was gathered and sent to  the Northwestern Technological Institute (under  

NASA contract)  concerning the available experimental  data on the 

the rma l  conductivity of fluid hydrogen. 
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4. Cryogenic Flow P r o c e s s e s  

4.0 General Comments 

Personnel contributing to  the project during the present repor t -  

ing period were: W .  G.  Steward, E.  G.  Brentar i ,  R. V .  Smith, 3. A .  

Brennan, D. K.  Edmonds, J r . ,  and R. Za ra t e .  

4 .1  Expe r ime nta 1 

The two-phase choking flow experiments were  completed during 

this  period on both hydrogen and nitrogen. 

writ ten and submitted fo r  possible inclusion in the Cryogenic Engineering 

Conference to  be held in Boulder, Colorado, on June 13-14, 1966. The 

abs t rac t  of the report  reads  a s  follows: 

A prel iminary report  was 

Data on c r i t i ca l  m a s s  flow a r e  given in this  paper 

f rom experiments using a straight pipe with a vacuum jacket.  

On some of the runs,  p ressure  recoveries  which were  in te r -  

preted as shocks were  occurring slightly upstream f r o m  the 

exit plane. There is some indication that exit plane pa rame te r s  

a r e  not direct ly  controlling m a s s  flow; it s t i l l  seemed advisable, 

however, to  follow cur ren t  practice and report  exit plane p r e s -  

su res  and qualit ies.  Results f rom simple analytical models t o  

predict m a s s  -limiting flow a r e  compared with experimental  

results at the exit plane. 

Representative graphs of the data a r e  included for  both hydro- 

gen and nitrogen (f igures  3 and 4). 

Work on t ransfer  line chilldown was resumed during this  repor t -  

ing period with the globe valve configuration and a partially precooled 

t r ans fe r  line. 

data between the two types of valves that had been used in previous 

t e s t s  ( s e e  Figure 2,  page 38 of the Eighteenth P r o g r e s s  Report) .  

These t e s t s  were  done in o r d e r  to get more  comparable 

Re- 

sul ts  of all the tes t s  with the globe valve a r e  shown in figure 5. Since 
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I 2 3 4 5 6 7 8  
EXIT PLANE PRESSURE, atmospheres 

Fig. 3 .  Comparison of predicted values with experimental data for 
critical flow of liquid and gaseous hydrogen mixtures. 
qualities from 25 through 30%. 

Mass 
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EXIT PLANE PRESSURE, atm 

Fig.  4 .  Comparison of predicted values with experimental  data  for  
critical flow of liquid and gaseous nitrogen mixtures .  
qualities f r o m  15 through 207'0. 

Mass  
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t he re  was some surging experienced in the most  recent  t e s t s ,  m o r e  

experimental work is planned in an effort  to es tabl ish conditions caus-  

ing surges .  

than simply the line tempera ture  20 f t .  f r o m  the supply dewar.  

It is apparent f r o m  the resu l t s  that there  is m o r e  involved 

The data f r o m  the chilldown t e s t s  completed thus f a r  a r e  being 

put in final fo rm fo r  publication and should be finished during the next 

qua r t  e r . 
4 . 2  Analytic a1 

The computational scheme outlined in the las t  p rogress  report  

has  been programmed in For t r an  in a basic  f o r m  and is in the process  

of being debugged. It has  not run a s  yet. 

The basic  f o r m  is for  a t r ans fe r  line of uniform cross-sec t iona l  

a r e a ,  a uniform wall, and constant driving p res su re .  It includes t em-  

pera ture  dependent propert ies  and the use of unsteady-state conserva-  

tion equations for homogeneous single-phase and two-phase fluids.  

An attempt has  been made to  keep the program a s  flexible a s  

possible by dividing it into a number of subroutines.  

then in some c a s e s  be adapted to other sys tems by altering one o r  a 

few subroutines. 

The program may 
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5 .  Solid- Liquid Hydrogen Studies 

5 . 0  General  Comments 

Personnel  Contributing to the project during the present  report  - 

ing period were:  D. B .  Mann, D.  E.  Daney and D.  B .  Chelton. 

5 . 1  Mass Energy Balance Experiment 

This portion of the program, designated as  Task I ( s e e  N B S  

Report  9145), has  been completed. A description of the experimental  

apparatus  , experimental  procedures,  and resul ts  are  available upon 

request  a s  NBS Report 9189. 

m a r i z e  the findings follow: 

Abstract  (NBS Report 9 189) 

The abs t rac t  and conclusions which sum-  

A theoretical  and experimental investigation of the feasibility 

of predicting the quality of liquid-solid hydrogen mixtures  f r o m  the mass 

fract ion of vapor pumped off in the freeze- thaw process  has  been com- 

pleted. Three independent methods of experimental  quality determina-  

t ions were  used to  check the cor rec tness  of the qualities predicted f r o m  

the measured  mass fraction pumped off in forming liquid-solid mixtures .  

In all ca ses  only freshly made mixtures were  used. 

It is suggested that an independent means of determining the 

edge of the t r iple  point region, such as measurement  of the vapor p re s -  

su re ,  be used. With this  modlfication, measurement  of the mass f r a c -  

tion pumped off during the freeze-thaw process  provides a s imple,  non- 

destructive and accurate  method of bulk quality determinations.  

method is not appropriate fo r  cases  in which a par t ia l  t ransfer  f r o m  the 

dewar is made and it requires  accurate knowledge of the heat leak if 

long storage t imes  a r e  to be used. 

accurate  as the accuracy of the flow and liquid volume measurements ,  

possible low accuracy in large volume gas  f lowmeters  places a r e s t r i c -  

tion on the method. 

The 

Finally,  since the method is only a s  
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Conclusions ( N B S  Report 9 189) 

Prediction of the quality by measuring the mass fraction of the 

gas pumped off appears  to be an  accurate  and pract ical  method of quality 

measurement .  

predicted qualities to  within 2 percent .  

appear t o  occur in the freeze-thaw process .  

e r r o r  in this method a r e  the e r r o r s  in the flow measurement  and the 

The experimentally mezsured  qualities agree  with the 

NO significant i r revers ib i l i t i es  

The p r imary  sources  of 

liquid volume measurement .  

An example may aid in giving zn  idea of the accuracy which can 

be obtained by this method. 

and a liquid vcluine measurement  accurate  to  * 2 percent ,  the maximum 

uncertainty in the quality of a 0 .  50 solid mixture would be 0 . 0 3 0 ,  0.010 

of this being the maximum uncertainty if  the flow and volume a r e  known 

exactly. T h i s  0 .  0 3 0  uncertainty in the quality contributes an uncertainty 

of 0 .  36 percent in the determination of the total -mass  held in a container 

F o r  a container holding 1 0 , 0 0 0  gallons, a maximum e r r o r  i n  the es t i -  

mated weight of 2 4  pounds would result .  

F o r  a flowmeter accurate  to  * 2 percent 

In conclusion, measurement  of the m a s s  fraction pumped off 

during the freeze-thaw process  provides a s imple,  non-destructive and 

accurate  method of quality determination. 

vantage s : 

It offers the following ad- 

1 .  It requires  the measurement  of only 

a )  

b) the liquid mass either before o r  a f te r  pumping, and 

c )  

the m a s s  of the vapor pumped off, 

the heat leak into the dewar.  

2 .  It is non-destructive, i . e . ,  it does not require  melting 

the s lush.  

3 .  It requires  no viewports o r  apparatus inside the dewar,  

with the exception of a liquid level indicator.  

It does not require a homogeneous distribution of the solid.  4. 
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Since this method measures  the bulk quality, it is not good for  

If the slush c a s e s  in which a par t ia l  t r ans fe r  f rom the dewar i s  made.  

is s tored  f o r  long periods,  the uncertainty in the quality will be in- 

c r eased  due to uncertainties in the heat leak into the dewar.  

since the method i s  only as accurate a s  the accuracy of the flow and 

liquid volume measurement ,  possible low accuracy in large volume 

gas  flowmeters places a restriction on the method. 

Finally,  

5 . 2  Project  Design 

Initial detailed planning has been s tar ted on Tasks two and 

th ree .  
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6 .  Thermal  Conductivity of Solids 

6 . 0  General  Comments 

I , Personnel  contributing to  the project during the present  report-  

ing period were:  D .  H .  Weitzel, R .  L. Powell, R .  13. Kropschot, and 

John Morgan. 

6 . 1  General  P r o g r a m  

Activation of a Thermal  Conductivity of Solids p rogram has  

begun. The basic method used by R .  L .  Powell, et a l .  , in previous 

work at this  laboratory will be maintained. 

flow along a solid cylindrical sample,  with 8 tempera ture  measuring 

stations spaced at 1 -inch intervals along the sample length. 

This compr ises  axial heat 

Chrome1 vs. gold with 0 . 0 7  atomic percent iron will be used 

f o r  all ' thermocouples.  

couples will be obtained in a separate  program conducted by L. Sparks.  

Thermocouple potentials will be read  with a precision seven-dial poten- 

t iometer  and nanovolt electronic null detector.  

reference junction will be at  the heat sink and monitored by a platinum 

resis tance thermometer .  

the sample will be monitored by a germanium resis tance thermometer  

as a check on the thermocouple readings. The heat sink will be cooled 

successively by liquid nitrogen, liquid hydrogen, and liquid helium. 

Final  tempering of all  thermocouple leads will be ca r r i ed  out on a 

semic i rcu lar  shield which parallels the sample and is  automatically 

driven to  the same tempera ture  profile as  the sample.  

Accurate calibration data fo r  these new thermo- 

The thermocouple 

At the lower tempera tures  the w a r m  end of 

Several  methods of radiation shielding a r e  under conside ration; 

through use of effective radiation shielding we hope to  extend the upper 

tempera ture  limit of the measurements  to  near  room tempera ture .  We 

may a lso  isolate and control the temperature  of the heat sink block at 

the top of the sample.  This would utilize a tempera ture  control unit 
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. 
s imi la r  to that planned for  the tempering shield. 

fication required to accomplish this would be minor and revers ib le ,  i. e .  , 

the experiment could be run with or without the floating heat sink. 

improvement in  control of heat sink temperature  will  in any case be 

achieved because we have incorporated a variable precision manostat to 

control vapor p re s su re  of the cryogen. 

t u re  independent of atmospheric pressure  variations,  and will a l so  allow 

us t o  operate the sink a t  temperatures  somewhat lower than the normal  

boiling tempera tures  of the cryogens. 

The mechanical modi- 

Some 

This will make the sink tempera-  

The f i r s t  mater ia l  to be measured wil l  be Titanium-5At-2. 5Sn, 

a well character ized sample of which has been provided by Titanium 

Metals Corporation of America.  

alloys of special  interest  to NERVA before we s t a r t  work on the standard 

reference ma te r i a l s .  

choices of alloys should be Inconel 718, Steel A-286, Inconel X ,  and pos- 

sibly an  a s  yet unspecified aluminum alloy to be used for  the NERVA 11 

pres su re  vessel .  

We plan to measure  one to  three  other 

According to our  present information the next 

F o r  the standard reference mater ia l s  we a r e  considering the 

following: ( 1) High Conductivity - Platinum o r  Tungsten, ( 2 )  Inter-  

mediate - Copper alloy o r  Aluminum alloy, ( 3 )  Low Conductivity - Iron, 

Nickel, o r  Inconel. 

Al l  measurement and control instruments a r e  e i ther  on hand o r  

on o rde r .  Mechanical construction is about 70% complete. Wiring and 

assembly of panels will begin in about two weeks. This final phase will 

take a t  least  a month, giving July 1 a s  an optimistic es t imate  for  begin- 

ning the measurements.  R. L. Powell wil l  in the in te r im work out 

computer programs for  processing the experimental  data.  
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